Cataract is visual impairment which arises as a result of a disturbance of lens transparency. It is one of the leading causes of blindness worldwide which is one of the major health problems and has drawn a little attention in worldwide. The loss of vision from cataract is a major cause of blindness in developing countries.\[[@ref1]\] Cataract is accompanied by a decrease in the activities of protective antioxidant enzymes such as catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx) and reduced glutathione (GSH).\[[@ref3][@ref4][@ref5]\] The high level of glucose is one of the important reasons behind progression of diabetic cataract.\[[@ref6][@ref7]\] Glycation of sugars and binding with amino groups on proteins to produce adducts disrupts biological properties of proteins. This results in structural changes in enzymes which ultimately causes enzyme inactivation.\[[@ref8]\]

During hyperglycemia or osmotic stress the pathway activity increases several times. Association of this condition with chronic complications in diabetes has been observed in experimental models of hyperglycemia, where significant alterations affected the opacity of lens. These changes are characterized by high sorbitol levels, alterations on the membrane permeability, lost of glutathione (GSH) and a diminution of the protein synthesis.\[[@ref9]\] By the other side, oxidative stress is associated with cataracts formation by production of hydrogen peroxide through glucose auto-oxidation.\[[@ref8]\] Hyperglycemia can induce oxidative stress via several mechanisms. These include glucose autoxidation, formation of advanced glycation end-products (AGE), and activation of the polyol pathway.

Natural antioxidants are famous for their capacity to protect organisms and cells from damage due to oxidative stress, the latter being considered a cause of ageing and degenerative diseases. The antioxidants present in food especially vegetables, are phenolic compounds (phenolic acids and flavonoids), carotenoids, tocopherol and ascorbic acid.\[[@ref9][@ref3]\]

*Moringa oleifera* is the most widely cultivated species of a monogeneric family, the *Moringaceae*, which is native to the sub-Himalayan tracts of India, Pakistan, Bangladesh and Afghanistan.\[[@ref10]\] The plant is rich source of vitamin A, vitamin C and minerals like calcium and potassium.\[[@ref11][@ref12]\] *Moringa* preparations have been demonstrated to have potential antihypertensive, anti-inflammatory, hypolipidemic and antidiabetic properties.\[[@ref13][@ref14]\]

Based on previous studies, it is observed that, treatment with *Moringa oleifera* effectively retarded the prognosis of disease due to increment in antioxidant enzymes.\[[@ref15][@ref16][@ref17]\]

Therefore present work is undertaken to evaluate that M. oleifera, which is a rich source of antioxidant is able to inhibit *in vitro* cataractogenesis in experimental isolated goat eye lens model.

Materials and Methods {#sec1-1}
=====================

Preparation of extract {#sec2-1}
----------------------

The fresh whole plant of *Moringa oleifera* was purchased from local market. It was then identified and authenticated by Dr. A.B. Tiwari, Sr. Scientist, Department of Crop and Herbal Physiology, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur (M.P). The Specimen Voucher no. HD/CHPY/980 was deposited at the Jawaharlal Nehru Krishi Vishwavidyalaya (JNKVV), Jabalpur (M.P.). *M. oleifera* was dried in shade, coarsely powered and used for preparation of extract. The powder was extracted with ethanol: Water (1:1) by stirring for 48 h and filtered through Whatman No. 4 filter paper. The residue was then extracted with two additional 200 ml portions of ethanol: Water (1:1) as described above. The combined extracts were then evaporated (Buchi Type, York Science C., Mumbai) at 40°C to dryness, and stored at 4°C for further use. Phytochemical evaluation was done by reported method.\[[@ref18]\]

Chemicals {#sec2-2}
---------

Potassium chloride, sodium chloride, sodium bicarbonate, sodium phosphate, and calcium chloride were purchased from Central Drug House (CDH), India; glucose was purchased from Fischer scientific (India), trichloroacetic acid, and ethylenediaminetetraacetic acid (EDTA) were purchased from Qualigens, India; thiobarbituric acid was purchased from Sigma, US. All other chemicals used were of analytical grade. Triple distilled water was used in the experiment.

Lens culture {#sec2-3}
------------

Fresh goat eyeballs were obtained from slaughterhouse immediately after slaughter and transported to the laboratory at 0-4°C. The lenses were removed by extra capsular extraction and incubated in artificial aqueous humor (NaCl 140 mM, KCl 5 mM, MgCl 2 2 mM, NaHCO~3~ 0.5 mM, NaH (PO~4~) 2 0.5 mM, CaCl~2~ 0.4 mM and Glucose 5.5 mM) at room temperature and *p*H 7.8 for 72 h. Penicillin 32mg % and streptomycin 250 mg % were added to the culture media to prevent bacterial contamination.\[[@ref19][@ref20]\]

Generation of cataract {#sec2-4}
----------------------

Glucose in a concentration of 55 mM was used to induce cataract.\[[@ref19]\] At high concentrations, glucose in the lens was metabolized through sorbitol pathway and accumulation of polyols (sugar alcohols), causing over hydration and oxidative stress. This led to cataractogenesis. Extract was dissolved in Dimethyl sulfoxide (DMSO) and used for the study.

Study drugs and groups design {#sec2-5}
-----------------------------

In present study, a dose of 250 μg/ml and 500 μg/ml of extract of *M. oleifera* were used.

A total of 24 lenses were divided into following categories (*n* = 6 in each category):

Group I : Normal lens \[Control (Glucose 5.5 mM)\]

Group II : Glucose 55 mM

Group III : Glucose 55 mM + Extract 250 μg/ml

Group IV : Glucose 55 mM + Extract 500 μg/ml

Biochemical estimation {#sec2-6}
----------------------

The protein content of the samples was determined by the method of Lowry *et al*., using bovine serum albumin as the standard.\[[@ref20]\] Glutathione estimation was done as reported by Ellman with slight modifications.\[[@ref22]\] Lens catalase activities were determined by Goth\'s colorimetric method.\[[@ref23]\] The lipid peroxide formed was estimated by measuring thiobarbituric acid reacting substances (TBARS).\[[@ref24]\]

Statistical analysis {#sec2-7}
--------------------

All data were expressed as mean ± SD. The groups were compared using one-way ANOVA followed by Bonferroni\'s test using glucose 55 mM group as control. Where *P* \< 0.05 was considered significant.

Results {#sec1-2}
=======

Phytochemical screening {#sec2-8}
-----------------------

Phytochemical studies of *M. oleifera* extract revealed the presence of glycosides, alkaloids, phenolics and flavonoids.

Protein content {#sec2-9}
---------------

The lens protein level of glucose (55 μM) treated lens (Group II) showed significant decrease (*P* \< 0.005) as compared to normal control group (Group I) *M. oleifera* extract at the concentration of 250 μg/ml and 500 μg/ml showed significant increase (*P* \< 0.05) in lens protein as compared to toxic control (Group II) \[[Fig. 1](#F1){ref-type="fig"}\].

![Effects of *M.oleifera* extract on total protein level on isolated goat lens; all values are mean ± SD, *n* = 6; Statistical comparison was performed using analysis of variance (ANOVA) followed by Bonferroniæs test (\**P* \< 0.05)](IJO-62-154-g001){#F1}

### Glutathione level {#sec3-1}

The lens glutathione level of glucose (55 μM) treated lens (Group II) showed significant decrease (*P* \< 0.05) as compared to normal control group (Group I) *M. oleifera* extract at the concentration of 250μg/ml and 500 μg/ml showed significant increase (*P* \< 0.05) in lens glutathione as compared to toxic control (Group II). Only treated group (Group IV) showed almost the same levels of glutathione as that of control \[[Fig. 2](#F2){ref-type="fig"}\].

![Effects of *M.oleifera* extract on glutathione level on isolated goat lens; all values are mean ± SD, *n* = 6; Statistical comparison was performed using analysis of variance (ANOVA) followed by Bonferroniæs test (\**P* \< 0.05)](IJO-62-154-g002){#F2}

### Catalase levels {#sec3-2}

In this study, incubation by sugars resulted in a time dependent inactivation of the enzymes.\[[@ref23]\] Lens catalase activities were also significantly lower in the lens of Group II as compared to extract treated groups (Group III and IV; *P* \< 0.05) \[[Fig. 3](#F3){ref-type="fig"}\].

![Effects of *M.oleifera* extract on catalase level on isolated goat lens; all values are mean ± SD, *n* = 6; Statistical comparison was performed using analysis of variance (ANOVA) followed by Bonferroniæs test (\**P* \< 0.05)](IJO-62-154-g003){#F3}

### MDA Levels {#sec3-3}

MDA Levels were found to be very high in glucose 55 mM treated lens compared with normal lens. Lens treated with *M. oleifera* extract had significantly reduced MDA content (*P* \< 0.05) at both concentrations compared with high glucose group \[[Fig. 4](#F4){ref-type="fig"}\].

![Effects of *M.oleifera* extract on MDA level on isolated goat lens; all values are mean ± SD, *n* = 6; Statistical comparison was performed using analysis of variance (ANOVA) followed by Bonferroniæs test (\**P* \< 0.05)](IJO-62-154-g004){#F4}

Photographic evaluation {#sec2-10}
-----------------------

Lenses incubated in glucose 5.5 μM remained transparent, whereas, the lens incubated in 55 μM glucose developed dense opacities. The opacity increased towards centre with complete opacification at the end of 72 h. Incorporation of *M. oleifera* extract (250 μg/ml and 500 μg/ml) retarded the development of opacity \[[Fig. 5](#F5){ref-type="fig"}\].

![(a) Group I: Normal lens after 72 hours of incubation in glucose 5.5 mM (Transparency maintained, squares clearly visible). (b) Group II: Complete cataractogenesis after 72 hours of incubation in glucose 55 mM (Absolute loss of transparency, no squares visible through lens). (c) Group III: After 72 hours of incubation in glucose 55 mM + Extract 250 μg/ml, lens appears slightly hazy (Very less no. of squares slightly visible). (d) Group IV: After 72 hours of incubation in glucose 55 mM + Extract 500 μg/ml, lens appears slightly hazy (More no. of squares visible)](IJO-62-154-g005){#F5}

Discussion {#sec1-3}
==========

Cataract is the most prevalent disorder leading to visual impairment, the prospect of pharmacological intervention to inhibit or to delay the onset of cataract is still at the experimental stage.\[[@ref26]\]

CAT, SOD, and GSH are important components of the innate enzymatic defenses of the lens. CAT has been shown to be responsible for the detoxification of significant amounts of H~2~O~2~\[[@ref27]\] SOD catalyzes the removal of superoxide radicals (O^-^), which would otherwise damage the membrane and biological structures.\[[@ref28]\] The enzyme GSH, first demonstrated in the lens by Pirie,\[[@ref29]\] has been reported to maintain the integrity of the phospholipid bilayer of membranes by inhibiting lipid peroxidation.

CAT and GSH catalyze the transformation of H~2~O~2~ within the cell to harmless by products, thereby curtailing the quantity of cellular destruction inflicted by products of lipid peroxidation. A reduction in the activities of these enzymes in tissues has been associated with the accumulation of highly reactive free radicals, leading to deleterious effects such as loss of integrity and function of cell membranes.\[[@ref27][@ref30][@ref31]\]

Reduction in the levels of reduced glutathione is observed during cataract of any etiology. GSH plays a leading role in preserving lens clarity. It also acts as antioxidant and stabilize proteins in reduced form.\[[@ref32][@ref33]\] Phytoconstituents from herbal drugs may ultimately inhibit expenditure of GSH through oxidation leaving the--SH groups intact. On the other hand, they may directly stimulate reduced glutathione synthesis which may be due to a modulating effect on reduced glutathione related enzymes in the lens.\[[@ref34]\] The restoration of reduced glutathione levels by *M. oleifera* extract also warranted its anticataract potential.

During oxidative stress, denaturation and aggregation of lens proteins is observed which is further observed by precipitation and lens opalescence. The situation is however improved along with an increase in the protein level in lens treated with *M.oleifera*. The preventive role of extract has also been demonstrated by the restoration of protein. In this study the levels of MDA were more in Group II when compared with Group I, III and IV which suggest preventive role against cataract.

*In vitro* anti-cataract effect of *M. oleifera* on isolated goat lenses incubated in a high glucose medium was dose-dependent. This effect was manifested as amelioration of glucose-induced lens opacity. Hence it can be conclude that oxidative stress is an important factor in the development of glucose induced cataract and the use of anti-oxidants may be advocated in patients to delay or prevent formation of cataract. In conclusion *M. oleifera* showed promising *in vitro* activity against glucose cataract in an isolated goat lens model. Result of study is encouraging, but further studies are required to access the use of *M. oleifera* in humans for prevention of cataract.
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